Abstract: Poly(indole-5-carboxylic acid) (PICA) has been synthesized by electrochemical polymerization technique from different concentration of poly(indole-5-carboxylic acid) using lithium per chloride as oxidation agent at different scan rate. The as-synthesized PICA was characterized using Fourier transform infrared spectroscopy (FT-IR) and Proton nuclear magnetic resonance spectroscopy ( 1 H-NMR). Thermal analysis of the PICA was performed by Thermo gravimetric analysis (TGA). The corrosion protection performance of low nickel stainless steel (LN SS) specimens coated with 0.1 M concentration of PICA was investigated in 0.5 M H 2 SO 4 medium using potentiodynamic polarization and electrochemical impedance spectroscopic (EIS) methods. The morphological properties of the polymer were characterized by scanning electron microscopy (SEM). The as-synthesized PICA has been used in order to achieve adherent, as well as environmentally preferential good anti-corrosive coating. Electrochemical corrosion tests and surface analysis results evidently showed that PICA coating served as a stable mass matrix on LN SS against corrosion. It was also revealed that the coating of PICA at 0.1V scan rate with 0.1M indole-5-carboxylic acid exhibited the best corrosion resistance among all concentrations.
Introduction
Stainless steel and it's alloys are one of the most useful metal for various application, such as in construction, pipe work, power plants in cooling water systems and in the oil and gas production industries 1, 2 . Stainless steel (SS) is extensively used in many fields due to their exceptional corrosion resistance property. The largest part of stainless steel equipment failure are caused by chloride ions, particularly in cooling water systems the pitting and crevice corrosion are still the serious problems of stainless steel 3 . Surface treatment procedures such as electro polishing, low temperature nitridization and passivation have been used to enhance the resistivity of the metals [4] [5] [6] [7] .The increasing application of the RESEARCH ARTICLE stainless steel to improve efficient and environmentally complicated method, corrosion and either inhibitors or conducting polymer coating [8] [9] [10] [11] [12] . In recent times, conducting polymers have received considerable attention as corrosion protective coatings for oxidizable metals. It is now well-known that electrochemical polymerization is an effortless and most suitable method for corrosion protection [13] [14] [15] [16] . The present work deals with the electro polymerization of PICA coating on LN SS in 0.5 M H 2 SO 4 medium.
Experimental
Indole-5-carboxylic acid (Sigma-Aldrich), LiClO 4 (Merck) and acetonitrile (Merck) were of AR grade and used without further purification. All aqueous solutions were prepared using deionized water.
Preparation of substrate
For our study, we have used LN SS samples were used as specimens for the corrosion studies. The following chemical composition of LN SS was used for the experiment with composition (wt %) C-0.063, Si-0.35, Mn-7.05, P-0.054, S-0.01, Cr-16.03, Ni-4.16, N-0.1, Cu-1.24, Fe-balance. The LN SS specimens were cut into an overall apparent size of 1×1 ×0.3 cm and embedded in epoxy resin with suitable electrical contact to have an exposed area of 1 cm 2 .
Prior to each experiment, the specimen was polished with different grade of SiC papers from 120 to 1200 grit. The final polishing was done with coarse 6 and 1µm diamond pastes in order to produce scratch free mirror finish surface and then degreased with acetone. Further, the specimens were cleaned using ultrasonication in acetone solution for 30 minutes, dried and used for further studies.
Electrochemical synthesis of PICA
The electrochemical deposition process was carried out in three electrode cell assembly. The working electrode was LN SS. The counter and reference electrode was platinum and saturated calomel electrode (SCE), respectively. Cyclic voltametric (CV) condition were maintained using an Electrochemical workstation (CHI760C, CH instrument USA) and at constant temperature 28±1˚C. PICA was electrodeposited on LN SS by cyclic voltametry (CV) between -0.6 -2.1 V and scans rate 100 mV s -1 with at different concentrations of 0.01 M 0.1 M 0.2 M. Further, the working electrode LN SS were remove from the electrolyte and washed with water finally dried at room temperature.
Electrochemical studies
The electrochemical studies of electrochemical spectroscopy, impedance and Tafel were carried out using the same setup by using 0.5 M H 2 SO 4 as an electrolyte. The applied ac perturbation signal was about 100 mV within the frequency range 100 kHz to 1 kHz. All the electrochemical impedance measurements were carried out with respect to the open circuit potential.
Characterization of polymers
The structural characterization of FT-IR spectra of the polymer coating formed by electrochemical deposition were recorded in NICOLET 380 FT-IR instrument in the wave number range 400 -4000 cm -1 . The polymer sample were collected from the LN SS surface and pellets of them with spectroscopic KBr. The proton NMR spectroscopy (Bruker DRX 400 MHz) was using DMSO as solvent with as-synthesized polymer to find the structure of the PICA polymer. Surface characterization of polymer coating was observed field emission scanning electron microscopy coupled with energy dispersive x-ray analysis was carried out on a (UK) instrument. Thermo gravimetric analysis (TGA) was carried out in a TGA model Q50 V20.6 build 31 systems at a heating rate of 20˚C per minute under a nitrogen atmosphere were carried out on PICA coated LN SS.
Results and Discussion
The FT-IR spectrum, Figure 1b showed the absorption peak at 1685 cm -1 C=O for stretching mode and broad band at 3423 cm -1 for -OH and N-H stretching mode. In addition the FT-IR spectrum of the polymer peak at 1086 cm -1 and 939 cm -1 are clearly observed for perchlorate peaks Figure 1b , wherein the peak at 1318,1387,1633 and 822 cm -1 assigned to the C-N, COO -, C=C, and C-H modes, respectively. Similarly, all the peaks are observed for the ICA monomer (Figure 1a) . Thus the FT-IR spectra are confirmed the formation of PICA and the presence of ICA 17 . Transmittance, % 1 H NMR studies explained the structure and formation of polymer at different mole ratio of PICA was carried (c.f. Figure 2) . The two strongest peaks at 2.34 ppm and 3.53 ppm are certified to proton of DMSO and water in DMSO. The signal present at 11.42-11.53 ppm corresponds to N-H proton and 12.33 ppm peak at -COOH proton of the polymer. The peak at a separate signal at 7.8 -8.1 and 9.44 ppm which is corresponds to the aromatic rings of ICA monomer 17 .
The FESEM technique is good tool to evaluate the surface morphology of the PICA polymer coating on LN SS. The morphology of the PICA polymer deposited on LN SS is presented in the Figure 3a and showed the small granules like structure uniformly covered on the surface of LN SS specimen. Figure 3b shows the EDAX spectrum of the PICA polymer coated sample which is indicate the presence of C, N, O and Cl there by confirming existence of the PICA polymer coating on LN SS sample 9 . Figure 4a shows the potentiodynamic polarization curves of uncoated and PICA coated LN SS in 0.5 M H 2 SO 4 medium and their corresponding potentiodynamic polarization parameters such as corrosion potential (E corr ) and corrosion current density (I corr ) are given in Table 1 . The curves were recorded with a potential range between -1000 mv and +1000 mv. Figure 4b shows the Nyquist plots of the uncoated and PICA coated LN SS in 0.5 M H 2 SO 4 medium. The R p value obtained for the uncoated specimen is 147Ω cm 2 . The higher R p value obtained for the PICA coated LN SS demonstrated that the matrix like polymer layer covers the metal surface completely and protects against the corrosive ions significantly ( Table 1) .
The thermal stability of PICA tested at temperature range of 100-1000 o C with heating rate of 20 K min -1 . From Figure 5 The structure of the polymer PICA coating was confirmed by FT-IR and NMR spectra and FESEM show the surface morphology of the polymer coating on LN SS which fully covered and the entire surface of the coating and EDAX spectrum supports the presence of elements in the coated material. The potentiodynamic polarization study confirms the polarization curve more towards the anodic direction and without doubt, the enhanced corrosion protection is exhibited by PICA coating on LN SS. Moreover the TGA analysis showed the better thermal stability for the PICA polymer than that of monomer.
Conclusion
Electropolymerized coatings of PICA on LN SS were successfully carried out by cyclic volammetric technique. The PICA coated on LN SS was characterized by the FT-IR, NMR, FE-SEM, EDAX, potentiodynamic polarization and electrochemical impedance studies. The results are revealed that the 0.1 M concentration of PICA coated LN SS acts as a better protective layer than that obtained at other concentrations on LN SS against corrosion protection in 0.5 M H 2 SO 4 medium.
